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JSf*7cS5^W&i;^*^l!l(c cfc o r IS jg-r C <b A<7? * 

b) Sx;^-i;i/7'>' ex (4,4- -cooH-2.2' -etu 
i;» Ru (II) o^fSL (i9iS(D5t (5) a>^b^!teiicii 
a) 

i/X- [Ru (4.4' -COOH-2,2' -bpy) 2CI2] JttfKCN 

*i:2a>JtT4^rai§3S^i±yr&. SjS^/M^^l. 9km 
fco 4#t>4xfcasia*pH6-7a)*izj§«L. mnoffi 

c) Ru (II) (Dvry ai^ghUV— CRuL2 [ (NC) 2RuL 

2' ] 2] mi^oA (1 ) oit^mzmm 

T^-So 307mg (0.43mmol) (DRuL2Cl2* SOml a)T;U* 'J 
(0.86inmol) (DRuL' 2 (CN) 2**0^^0 SjS^ilSK 

TIC6ftra*D8ftL. SSlOft^Lfco »?ft*«ja^^x 

!|& *pH6'- 7 (Z)7klcS« Ltzo Z a>jS,^(DpHI43. 2(ZT A< 
y. »»$>»jKlil=ionfy| 

«1&*lHlittUfco J3t»te*. *-r2:5r-b 
X— T;U;1$«g, *L^Tf*7kS?X^>UX— T^;u-eft^* 
L. M&TiZ^mLfzo i|XM450nig (69%) « 
S5S6W12 itHi^OA (1) <^<b^!fe)(z|j®) 

O.SenmoKDRu (II) L2 (CN) 2 LT SlJfiWic* 

«yiSL. si(D9gffi092(zsBtta>ib$ia$aiigLfc. 

SlJfiW 3 8 

iBa)ai rcsa«a)^b^«3$S!ii'r«»ci:A<-e#-So 
m 1 



1 [Ru(U((CU)aRu 4,4'- 2,2- -bpy 
(L')a).] (OOOH).bpy 



(7) 



8-1 5097 







L 






2 


(L).).] 


4,4' — 
(OOCH)sbpy 






3 


[Ru(L3((CM)iRu 

(L').)2] 


4,4'- 
(COCH)abpy 


4.4' 


VHoya OF/ 


4 


[Ru(U((CN),Ru 


4.4'- 
(OO0H)2bpy 


4,4' 


— {ph)a— bpy 


5 


[Ru(Ls((CN)80s 
(L' 


4,4'- 
(OOOH)abpy 


2,2' 


-bpy 


6 


RuU(CN)8 


4.4'- 
(COClD.bpy 






7 


RuU(CN)8 


2,2' -bpy 






8 


RuL3(CN)2 


4,4'- 
(Me)2bpy 








(a L ^ "bpy" =2, 2- tr t: »J 























ll*S«l22lCj3t>ri*lSfflttatf»tttt7;U4r;US$ffi 
lllS«27lCfct^T(*2, 2- ex X ^JU?^X 37 -f 

IISS01l3iizfci>Tf*4- (2-eui?;u) T*/uy;u 



a2*. bpyl*2,2' -eeUi;;U-C*y. biqtt2.2- 

« 2 

1*^-U:(_h<:?>4, 4' - i:^ :^ JU;K=^ > -2, 2^ - e 



^4* 


L 


L' 


9 


[RuL,] 


4,4',5,5'-(O0ai)* -2,2- 


-bpy 




10 


[RuL,] 


3,8-(C00H)a-4,7-(Cffl)ai 


>h6n 




11 


CRuLs] 


6,6'-(C00H)2-2,2'-bpy 






12 


CRuL,IRll'^Ru''■ ] 


4,4'-(0Me)a-2,2' -bpy 






13 


[RuLsCHaOs)] 


4,4'-(C0OH)2-2,2'-biq 






14 


[RuL.Cl,] 


4,4'.5,5'-(aX»!). -2,2^- 


-bpy 




15 


[RuL2(CN)a] 


4.4'-(C0OH)2-2,2'-bpy 






16 


[RuLaL' (HbO)] 


4,4' -(C0OH)«-2,2' -bpy 




4-(cooH)if •js;^^ 


17 


[RuLsL' (H.0}] 


4,4'-{C00H),-2,2'-bpy 




3,5-(O00H),tr9i^> 


18 


CRuL.L'(H»0)] 


4,4'-(C00H)8-2,2'-bpy 






19 


[RuLaL' ] 


4,4'-{CXX)H)2-2,2'-bpy 






20 


[RuL.L' ] 


4,4'-(C00H)a-2,2'-bpy 




4,4'-(C00H)a-2,2-biq 


21 


CRuLjL' ] 


4,4'-(C0OH)«-2,2'-bpy 




4,4' -( 7 * -7i/)2 -2, 2-bpy 


22 


CRuLaL' ] 


4,4'-(C0OH)2-2,2'-bpy 




Ci8HaT-2.2-bpy 


23 


[RuLaL' ] 


4,4'-(C00H)2-2,2'-bpy 




4,4'-(Me)2-2,2'-bpy 


24 


CRuLaL' ] 


2,2'-bpy 




1,10-7 h a »J >-5,6-i^;*- + >A 


25 


CRuLtL' ] 


4,4'-(C00H)»-2,2'-bpy 




1,2- fX(2- tf y i^ju)x. ^ > 


26 


[RuLaL' ] 


4.4'-(C00H)2-2,2'-bpy 






27 


[RuLaL' ] 


4,4'-(a)0H)a-2,2'-bpy 






28 


[RuLaL' ] 


4,4'-(aX)H)2-2,2'-bpy 




3,8-(a)0H)a-l,2-(0H).phen 


29 


[RuLaL' ] 


4.4'-(O0OH)a-2,2' -bpy 






30 


[RuLaL' ] 


4,4'-(C0OH)a-2,2'-bpy 




4,7-(CH)2-l,10-phen 


31 


[RuLiL' ] 


4,4'-{C0OH)a-2,2'-bpy 




2-r v'e Ui^^Puv^^Pi/y— 


32 


[RuLaL' ] 


4,4'-(7*--ru)a-2,2'- 


bpy 


4,4'-(C00H),-2,2'-bpy 
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L 


L' 


33 CRuLtL'] 


4, 4' - ( 7 a. -2, 2' -bpy 


4,7-(CH),-l,IO-phen 



J?rf=l::SaiaF-e-fc21ramoia)TiCl4*10mia>ji7Kx5'>' 

(S«A) &t/50mg/nil («5«B) 2 aS<D?§j«^^§ 

iHSSLtro Asahi Inc. B:$:S^a)SS%10cni2^ '^m^t 
aija*85%J^l±&i;g®Sta10Q/cm2jaTa)fe»tt:^*^ 

Lfc^»J^V>/<rt-e28*t5T?30»M*D7k»«L/io 

[(1 .24X 10 



( 1 ) IPCE(% ) - 



;u/ffiira(7>r;u=f>il35T-C;:SJg^S$500't:/KFlffl^ 

<DAl3Sr=J:or. SilfflS;&<80-200(7>ttfil^im;b<^^ 
[Ru (La) [ (CN) 2RuL2' ] 2] 

L(i2.2' -etr'jv;u-4.4' -i^*;u7K>e 

■e&y. ^TKx^y— ;u43(0^a)ilSl*5 xio-4M-efc 
j^^*IH^(f^A<«(lcTi02SSa)t KP^v;Mb*teCfc 
ffiltfco ^feH*x^y-;uj§?a*xb30»ra?ftS*-t*. 

0.5M Lil&tf 3 xl0-3Ma':;Sa>x4iy— 

t;a«a>3«flSi4b^-lr;b*ffifflt. c<D<fc5*K*^ 
l^T#t>4X'S3flfcaaE (photocurrent) f^fflX'<^ h;U 

ffiic^-To AS**fe*^*^ibmaE--a)^ft3ai* (ipce) 
X 5eiSa£?&JK (ju A/cmM] 



a : 

(2) r? =12xOCVxFF (%) 

C^*. ocvi*BB(s]tt«a-r?fcy. FFtt*«Jfe<D*a« 

(6) <S:;t^hT>' — K (photoanode) itLTO^'^Xii 
« (7) tt^^UhmmitiS'yX fc3El** 
tl/t, S^Jl^ (4) *a^SLf-Ti02 (5) Bl^ffifflL. S 



(nm) X 5t (M/mM3 

-f *:/^«i0«it«'%Lrfcy. i^mmm (4-7) 1*. 

»*«I20S^Pl/*%-r'&Wl^S«>«® (13) (Cj:oT 

«a (1,2) ?&^^^ii**tTt^€»o fiifflLfca«?ai*o.5 

H Lil&t/3 xl0-3M3H7*<DX$ry— ;u»»-efc^fco 
(3) li. a^<D(IOSSlcl»yf^rt^tifc/J>$JS:R 

ia^<7)atf) (H^^SL) i^(cA*tt>*Lrtey. -tcj&^f* 

«f*. •\i>i*yAsahie*tt:tf5x-e-c^-ct^€)^^xs 
(1) ±icjfta*nTi^^e»t4xK<bxxs (2) 

□ h7KS?at?matfi>o^-r^c^iz<i:y. 
ai^*::^^^-^m5i^^H*«a (1.2) o&mmsvT. 
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h t* « afx;) jS a >S 3? -< ;u ^ - X. fcSff ^-b / > ^ 
>::^*ffli^TSie*S8JfiLfco *(D?aSfi50-600'7*> 

2oa>SE(zteL\r-€-*t-F*l660&0:800mVC&ofco B 

Lfzi,0>tmmis*i^^mmmtQ. 7-0. isyv&^tzo 

meSi/ U 3 >«Jfel*600W/m2a>ASt*»JtfZ j3t^TI*5 
SOrnVO) mm&mKi^Ktzt<^ 50W/m2 (C I ^ T 1* 300mV 

1^ H A * ttg^^feff^T r-ffiffl-r ^ 0) f jfe y -c fc 
mmm3s 

fc : 

125ml(0^^ V:^P7K^*> K*. TBOmlCOTK^f-O. 

L<mnLt<i:t^H>m8mmv6o'x:izmvim^r^t^ fx 

;J->tt»®Stt»jTRITON X-100 (Ti02a)40a«%) * 

tr>3— -r-f (spin coating) 't^^t\Z^^)m 

^Lfzo m!S^mo>mm^mmLtz»\z9*ifz-^m%i\sLm 
s^^i^K^oiz+^tsmmmo^^mti^mim^fztbiz 
Its ji«i*6-ioa)H*^flir*t«+»-e&«o 

2"e*y. «k»3&«w*2.75^p>a>-K<b^*>BT?fe 



« Lfctt^O 3 ;kytmm&f)^ e> >5r ^ c ^ 3b<M P» 3b> i: ft o 

ii«^RuL3 ( c c -c L 1*2. 2' - e e y i;;u-4. 4' - 
<o'S!^tftf)^h>o>m%±mz-Di\xu»Lfzo 

ImA. BBlHl»aff0.4V3^t;^^ai*10%S-^^. S^Sft 
mo>^f)<. -»<b5^^>K*fflt^T#t>*L-6J:y t 2fS 

9lfil0«36 

^ii2 x9.6cm2^%-r^<c»tt^^Xi/- h (ASAH 
t) (a®«ta«l10Q/cin2) ||Jfi«y35a>:&jilctto 
T=iP-r Ktt-K<b5^5r>JH-eafl|Lfco #SP"C70(D 
Ti02aP-< KS*xe>zj-7^-r >^(cJ:oriIl2>Jita 
LtztK *fflaK*500*t5tf305Mffl36^iftLfc« KOIMX 
ntl$R&Cfc^r>IC^ 30% (w/w) <DTRITON X405j|lpi/'Stt 

t}^^m^Lfztzh5^<?n>-Q»>'z>tzo Ti02«W»a> 
e»tt^^xv-K*ae8a)**-efcy. Rr«»&tf3fi 
^nafeic^ LTSiStt-e* o c ^ rcss-r ^ c <t i*s 

400-900nni(Dj:ftfi«lCfc^pyiS3«;a>60%lslJi(353' 

^^^i^B^tm^^i&y^LtzZt^TjkLtzo afiKDUV/pT 

&i;ff*5nm(DTi02SlCj:^3fea>iaJte3^O:»a<D/ii6. 
Br«3tlc5Fdl!^14 (flat festure) A^Stf) t,tlfco 400n 

(fire) Lfco T\02^§knV^mn>(O\t. hy nT— ;b 
•r— ':?Ae«:RuL2 (CNRuL' 2CN) 2 CC CT? L fi2. 2- 

eeyi>;u-4.4' -*;u7K4^->L/--h"cj&y. l' i* 

2,2' -eeyi;;ut?&^] *^t;x^y-;u)gia4'l^ 

:^^xi/-h*i6^rasai-r*c<tjcc*:yt7ftofco a 
/pruat^afeatfitt-cagsL/c^Kittx^^ h;utt. 500 

^2 0(Offl»lc^BrLfco C*it>a)v— K*. 
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'SYfmiz^ijmmmiz^'z^x^mmzMmitLfzo m» 
B**a[3SLf=o *t^-cc*tf,*. -»<oa«i(z>7t^hT 

C<7>^ v:r-;KDttSII4. ;:RS520nin5tt^gSjeo. 38W/m 
^Om^^immiZLXTj^-tZtt^X^^o 0. lISmACDS 

«jCLfco 3t««»i*o.74-e*y. mfem*«sij»*tt 

520nmlZ l> T 1 2%iC? & o tzo 

$&5%«lfEE0.17mA. BI@»a£0.21V. %S«|jKO. 5. JBLlf 
g3tTT?a>Ti02m/=fea)ttffil*ji«a)i/ U =i X<fc 

y t «*tT tx« c ^ /i^^ AMcipj -So a e (omwzmm 
BtftTx&mum^mmLfzo meoowm2(D:^m^miz 

fzo mma>iftmmmt&mi^ii'^::^^<j>»tiim(ofzibiz 

sgi&0y37 

aii3*Ti02iBi<DJifi(cs^<*a«^id:. e»tt*^ 



125ml(D^^>-f V:^a7K:^i/ KS. 750n!ia>7Kl::0. 1M 

^>^S^fci*7^:7Pi/a)ff*St«i^-ei40-250'ti. 
* u < i*2oo't:-e 2 -2o^[H. l < ttieftM;*— h 

ss«-r*c*tizj:y. *y;usia«Lfco ^<Di*ji5<Dift^ 
tiitrizmmr^ma>mis^m*:-ri>tzi^izm?L\tun\o 

n Carbide Carbowax 20M^fcl*Triton X— 405a)«fc5tt 
Ti02(D30-50. L < (*40aa%<Dfi"e 

jg^^fStR. C)Jx.l*Asahi Corp.S(7>e»ttK^bXX 

(::;^ori5iy#ltyco JSacDViK «^*L<tt±IBSte 
IC» L "C tt200g/ y *y h ;ua)T i 02& 40%Carbowax 20M 

r t ^ ^ «g 36< ¥ <»: :tf ^ X )t * m I ^ T § I * (D I S -r c: ^ I c cfc 
ys«±rcffiiffco fin*^. x^— 9— . v/;KZ)tts;Rt/ 

!/;KDaiSlZj:o-Clt»**t*Ti02<DS*^«l«**t«o 

mt^ti^-^x^mL. »*u<i*Hi::2o»raft«Lfco 

Iia*400-500«C. »* L < f*450*t:7?20»M 

;i/a>«^l::l4. 405 ^ P > J; y /h* t^X^—- 
:te«ftt>f. 1**8 -105 ^P>a>Ti02K*#'byci6(C 

±IB*FsfefC<fey. 1 0cm X 10cm* -COaa Millie L/=o 

mz^ xe>n— >^f&i;;sa3-7^-<>^f(z<fco 
r y ;u sstfrc^flT-r « c 1 1 t * «• 

IZ^ Ba$llt;450-'550*1C. »*L<l*500*t:-e2-12 

^ra. »*L<(46KHffl*tt±if Lfc. »bi>m(Dmm& 
i;»«a>tt$-fr(wfct>ri*. «a*500*t:t?2-6ftra 
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•r«z^*5-ioiii. »*u<»*7iHi«yis-rc^iz<fe 

(CNRuL' 2CN) 2 Cd L f*2. 2' -eeU^^U-A, 

4' -v:^;u7K^vu- h-cfcy. L' 1*2,2' -eey 
*^t;x5'>'-;ui8?a)!j<»*Lt^/i^ ruL2 

NCS2*/i:l*RuLiL' iH20CCC-eL' 1*2. 6- (N- 

r. a«*<^±Mfe-r4i:i(*4-24^ra/)<j&5i-efc4o 

t>y(c. ioffla):^^5^:h*Ha>«ffi«g*e»tt^^XJi 



4@$^1.5iiin&tfg$t^20nnia>2O(D< (S^S^yi&t; 

fcms^. »^L<f*85®a%<DiaKx^u>. i5%a> 

»J<Dii^iciii/yzi>g«S?k *fcttSKx^u>a>a 
^icttTKyxf^uv^tt/XTK^i/Sflg 

(B) if ^cirA^Tf^^o 2oa)«ai(Hia>x*^— xi*^ 

ef^ffllcj:yffla6fc^ALfcS««(cj:oTS«MlcS 

(r>^t T-«Bl2inA/cm2<;)S»a2S&i;flkiB830mVa)MlH] 
Kma^^fiKLfco «4.a*e<l>^l!fl'&1±l*9,6mA/cm2& 

IIS£«334-37a>;U7^-':7Affi«:|Cft^rllS6«!11 --33 



(12) 



8-1 5 O 9 7 



LIGHT 




LIGHT 



(72) 



x>rxH. *>x— ■ j\ — 1800 • y^—. 



(56)##XS{ ¥1 -220380 (J P, A) 

BS60-12682 ( J A) 
9859-98480 ( J P, A) 
1#BB 8357-195241 (JP, A) 
mm 8361-502402 (J P, U) 
3KS^§^4117210 (US, A) 
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